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Objective: The aim of this study was to compare the production of the chemokines CCL3 
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(DDPF) teeth under stimulation by Porphyromonas gingivalis LPS (PgLPS). Material and 
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were tested for viability through MTT assay, and production of the chemokines CCL3 and 
CXCL12 was determined through ELISA. Comparisons among samples were performed using 
One-way ANOVA for MTT assay and Two-way ANOVA for ELISA results. Results: Cell viability 
was not affected by the antigen after 24 h of stimulation. PgLPS induced the production of 
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at 1 and 6 h. PgLPS, in turn, downregulated the production of CXCL12 by PDPF but not by 
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deciduous teeth may present a differential behavior under PgLPS stimulation.
Key words: CCL3 chemokine. Chemokines. CXCL12 chemokine. Dental pulp. Fibroblasts. 
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INTRODUCTION
Dental pulp is a loose mesenchymal tissue 
almost completely surrounded by a mineralized 
structure5. Under normal conditions, dental pulp is 
sterile and primarily involved in the production of 
dentin and in tooth sensibility. When the dentin-pulp 
complex becomes infected by invading bacteria 
through caries or trauma, the pulpe tissue reacts 
in an attempt to eradicate these microorganisms23. 
Porphyromonas gingivalis (Pg) has been found 
in deep caries and infected root canals, and may 
participate actively in pulpitis and periapical 
diseases development35,36. This microorganism 
presents virulence factors that are involved 
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progression, such as lipopolysaccharide (LPS) 
endotoxins21. Special attention is being given to 
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initiated by this antigen result from its recognition 
by membrane receptors such as CD14, Toll-like 
receptor (TLR)415 and TLR234. As a consequence, 
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a cascade of intracellular signaling events is 
started, thus achieving the nuclear activation of 
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Since the innate immune system is activated by 
microbe associated molecular patterns (MAMPs), 
such as LPS, a wide variety of inflammatory 
mediators, growth factors and cytokines are 
produced in order to control the microbial infection7. 
Chemokines constitute an important family of 
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molecular structure concerning the position of the 
conserved cysteine residues (referred to as “C”). 
CC chemokines present adjacent cysteines, whereas 
CXC chemokines present cysteines separated by one 
amino acid (referred to as “X”)41. The Macrophage 
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monocytes, B lymphocytes, activated neutrophils3 
and CD4+ and CD8+ T lymphocytes31. CCL3 is 
described as a chemokine able to orchestrate acute 
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26. The Stromal 
cell Derived Factor (SDF)-1 (formally CXCL12) is 
a constitutive chemokine robustly produced by 
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	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10. CXCL12 exerts 
chemotactic activity for lymphocytes, monocytes, 
neutrophils, immature dendritic cells29 and specially 
CD34+ stem cells20. Some recent data suggest that 
alterations in CXCL12 levels may result from the 
imbalance of tissue homeostasis10,20.
Fibroblasts are the most numerous cells in 
connective tissues. They are known as cells that 
not only provide structural support22, but may also 
function as accessory immune cells through antigen 
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mediators including chemokines4. Although the 
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entire human body, it has become increasingly 
evident that these cells present differences in 
phenotypic and functional characteristics depending 
on the anatomic site and pathologic status of their 
tissue of origin4,13-14,32. Recent studies have shown 
differences in cytokines and chemokines production 
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periodontal ligament13-14,27,32 or between gingival 

H	
2. However, little is known about 
possible differences regarding the production of 
!	H%
	
	
permanent and deciduous teeth.
Considering the importance of the knowledge 
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pulp connective tissue, we sought to investigate 
the in vitro production of the chemokines CCL3 
and CXCL12 by cultured human permanent and 
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Porphyromonas gingivalis LPS (PgLPS). Special 
attention was given to any potential differences in 
chemokines production between the tissue origin 
of these cells.
MATERIAL AND METHODS
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All experiments were conducted in accordance 
with the Declaration of Helsinki. Ethical approval 
was obtained from the local Ethics Committee for 
Human Research (process #15/2007). Prior to 
experiments, teeth were donated under patient 
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25, and 2 female subjects, aged 18 and 22) and 
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and 10) were cultured using an explant technique 
as described previously27,28,33. At the time of the 
dental extraction, all the teeth had indication for 
surgical removal. Permanent teeth did not present 
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tissues, were totally erupted and presented closed 
apices. Deciduous teeth presented slight signals of 
physiological root resorption. The pulp tissue was 
removed in aseptic conditions, and after minced 
the fragments were incubated for cell growth 
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(Gibco, Invitrogen Corporation, Carlsbad, USA) 
supplemented with 10% fetal bovine serum (FBS; 
Gibco) and antibiotics (100 μg/mL penicillin, 100 
μg/mL streptomycin, 0.5 mg/mL amphotericin 
B – Invitrogen Corporation, Carlsbad, USA). 
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atmosphere of 5% CO2 and 95% air. Cells were used 
between the fourth and eighth passages.
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by their morphology and staining for procollagen 
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 	30 by means of 
immunostaining. Fibroblasts from permanent 
and deciduous teeth were seeded over sterile 12 
mm round cover slips (BD Biosciences, Bedford, 
USA). After 24 h to allow cellular attachment, 
the cover slips were removed and fixed in 
acetone (Merck Chemicals, Darmstadt, Germany). 
Immunostaining was performed by using goat 
anti-human procollagen type I 1:100 (catalog 
#sc-25973; Santa Cruz Biotechnology, Santa 
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protein (catalog #ab11333, Abcam, Cambridge, 
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conjugated antibody 1:200 (catalog #FI-5000; 
Vector Labs., Burlingame, USA) or rabbit anti-
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(catalog #ab97045; Abcam), respectively. Slides 
were then mounted with a mounting medium 
containing DAPI (4’,6-diamidino-2-phenylindole 
dihydrochloride hydrate) (catalog #H-1200; Vector 
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Labs.), thus allowing nuclear staining. Images were 
captured by an inverted confocal microscope (Leica 
TCS-SPE, Leica, Manheim, Germany).
Cell viability
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counted and seeded at a concentration of 1.25x 
104 cells/well in 96-well plates. After 18 h to allow 
cellular attachment, PgLPS (catalog code: tlrl-pglps; 
Invivogen, San Diego, USA) was added to the culture 

	
	
&&	0	05&6
mL in triplicates. MTT [3-(4,5-Dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide] (catalog 
# M2128, Sigma-Aldrich, St Louis, EUA) assay 
was performed after 24 h. Cell supernatant was 
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in phosphate buffered saline (PBS) were added to 
the cells or cell-free blank wells followed by 180 
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4 h at 37°C with 5% CO2, 95% air. MTT solution 
was then removed and replaced with 100 μL of 
isopropanol. The plate was incubated for 20 min 
at room temperature and the optical density (OD) 
of the wells was determined using a plate reader 
(FLUOstar Optima, BMG Labtech, Ortenberg, 
Germany) at 570 nm wavelength.
Chemokines detection in fibroblasts 
supernatants
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counted and seeded at 5x104 cells/well in 24-well 
plates. After 18 h to allow cell attachment, PgLPS 
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
added to the cells in duplicate. After 1, 6 and 24 
h cell supernatants were collected for chemokines 
detection. For one of the established DDPF culture, 
the experiment was conducted twice in order to 
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The production of CCL3 and CXCL12  was detected 
by means of enzyme-linked immunosorbent assay 
(ELISA) (Anti-human CCL3/MIP-1α Antibody – 
AF-270-NA and Biotinylated Anti-human CCL3/
MIP-1a Antibody – BAF 270, Monoclonal Anti-
human/mouse CXCL12/SDF-1 Antibody – MAB 
350 and Biotinylated Anti-human CXCL12/SDF-1 
Antibody – BAF 310, R&D Systems, Minneapolis, 
USA, respectively) according to the manufacturer's 
instructions. 
Statistical Analysis
Statistical analysis was performed using Graph 
Pad Prism 5.0 (GraphPad Software, La Jolla, 
USA). One-way ANOVA was applied to the sets 
of data resulting from viability assay and Two-
way ANOVA was performed for ELISA resulting 
data. Comparisons between pairs of groups were 
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level was set at p<0.05. 
RESULTS
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Dental pulp fibroblasts were isolated and 
cultured as previously described33. Based on the 
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surface protein indicating their mesenchymal 
origin (Figure 1). Interestingly, DDPF presented 
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and D). A and C: PDPF; B and D: DDPF. Images captured 
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challenged with P. gingivalis LPS. Cultured dental pulp 
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(PgLPS) at the indicated concentrations in triplicate. Cell 
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Cell viability
Cell viability of both permanent and deciduous 
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at any concentration during 24 h in comparison 
with medium only  for PDPF (panel A) and for DDPF 
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respectively).
Chemokines detection
The chemokines CCL3 and CXCL12 were 
detected at the cell supernatants of permanent 
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in Figure 3. 
PgLPS was able to induce CCL3 production 
for both permanent and deciduous dental pulp 
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levels of this chemokine for both cellular subtypes 
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Production of CXCL12 was altered by the antigen 
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	&
	%>
comparison with PDPF (p<0.0001). At 6 h, CXCL12 
production was not affected by the presence of the 
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CXCL12 levels when compared to PDPF (p<0.0001). 
Similar levels of this chemokine were observed for 
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DISCUSSION
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deciduous teeth were able to produce in vitro the 
chemokines CCL3 and CXCL12. Upon immunological 
challenge by PgLPS, production of CCL3 by both 
cell types was significantly increased. On the 
other hand, the antigen affected the basal CXCL12 
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teeth, which in turn produced higher levels of this 
chemokine. 
Bacterial components may display an important 
	!>		
@

	
since pulpal disease is initiated long before dental 
pulp tissue exposure to bacteria occurs8. LPS 
is one of best characterized bacterial cell wall 
components. Considering the existence of P. 
gingivalis in dental caries and its importance in 
	
@

		12,18; the LPS 
of this microorganism was chosen in this study as 
!
&	!
	
+
Fibroblasts express innate immune receptors 
and related signaling molecules, including dental 
pulp ones16. TLR4 is the major membrane receptor 
involved in the process of LPS recognition by the 
host, including PgLPS sensing by human gingival 
	
37. Unlike Escherichia coli LPS, PgLPS 
structure presents an additional and particular 
antigenic portion in its molecule described as a 
lipoprotein that is suggested to be recognized by 
TLR2, which in turn is responsible for the recognition 
of cell wall components of gram-positive bacteria, 
such as lipotheichoic acids19. The role of TLR2 in 
PgLPS recognition has been recently supported9,34. 
Taken this together, it might be assumed that the 
cellular mechanisms involved in PgLPS recognition 
may be quite similar to biological events occurring 
Figure 3-<
	=
	
						
		8	
$				
	P. gingivalis><?	

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Cell supernatants were collected after 1 (A and D), 6 (B and E) and 24 (C and F) h. Production of CCL3 (A, B and C) and 
CXCL12 (D, E and F) was detected by means of ELISA. (*) p<0.05; (**) p<0.01 and (***) p<0.001 in comparison with culture 
medium alone (0). (##) p<0.01 and (###) p<0.001 in comparison with the other cellular subtype at the same experimental 
condition.
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in polimicrobial infections, such as dental caries.
To the best of our knowledge, this is the 
 	 	 !			 
 !	H
dental pulp fibroblasts in response to PgLPS. 
Previous studies showed the upregulation of the 
expression of IL-640 and IL-839 by P. gingivalis 



	
+J	
to PgLPS, human gingival fibroblasts showed 
an upregulation of IL-824 and Interleukin IL-6 
production38. PgLPS was also demonstrated 
to downregulate the production of CXCL12 by 
gingival17,27
		
&
	
27. 
In a previous study by our group, besides the 
alterations observed in CXCL12 production, PgLPS 
was able to induce CCL3 production by gingival 
	
-			
&
	-
and to induce the production of IL-6 by both cellular 
types27+				@

	
	
&	H
!	H	

may be of some clinical importance. Differently 
from peripheral blood monocytes (PBMC), human 
&&>
	
%	H	&
IL-6 after a pretreatment with PgLPS, which in turn 
abrogate IL-6 production by PBMC in a secondary 
exposition to the antigen. Such study demonstrates 
that gingival fibroblasts do not present LPS 
tolerance as observed in PBMC2. 
As mentioned before, fibroblasts may be 
considered a heterogeneous population among 
different anatomical regions4,14,27,32. Comparing 

  
 &&>
 	
- !-  
+6 
(2004) demonstrated a more effective induction 
of Vascular Endothelial Growth Factor mRNA in 

  	
  	 	 
	
(TNF)-α in comparison with gingival ones. Focusing 
on extracellular matrix expression, Martinez and 
Araújo25 (2004) demonstrated positive staining 
for tenascin and osteonectin only in dental pulp 
	
-
!	&!!'			
and collagen I could be detected both in gingival 
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produced higher levels of the chemokine CXCL12 
during early experimental periods (1 and 6 h) in 
comparison with the cells derived from deciduous 
teeth. Distinct levels of chemokines may occur due 
to the fact that the expression of Toll-like receptor 
9
98
>
	

	&
to the anatomic site as well as CD14 and myeloid 
differentiation (MD)-2, molecules also actively 
involved in LPS recognition14. Additionally, CXCL12 
		  	

 	  	
to other chemokines or cytokines such as TNF-α, 
Interferon (IFN)-γ, Tranforming Growth Factor 
9K-&
	,>
		

T-cell Expressed and Secreted - RANTES), CCL20 
(MIP-3α) and CX3CL1 (Fractalkine)
17. The levels of 
these regulating factors may also be produced in 
unique patterns by each cellular type. Taken this 
together, the precise cellular mechanisms that 
lead to the variable levels of CXCL12 produced 
by PDPF and DDPF observed in this study are 
probably complex and unpredictable based on the 

>

  &+   

needed to understand the cellular and molecular 
mechanisms involved in potential phenotypic and 
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	
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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permanent and deciduous dental pulps. 
Differences in CXCL12 production may be of 
some biological importance considering evidence 
that points to the role of this chemokine in stem 
cells recruitment after tissue injury20. Also, the 
dynamics of CXCL12 production during the repair 
			%&@

	-		!


lead to tissue CXCL12 decrease10, may differently 
affect permanent and deciduous dental pulps 
according to the present data.
PgLPS induced both PDPF and DDPF to produce 
similar levels of the chemokine CCL3. Production 
	 $  	
 	
%
 
by Enzerink, et al.7 (2009) when these cells were 
arranged in a spheroid conformation instead of 
monolayer cultures. As abovementioned, in a 
previous study, our group showed the upregulation 
	$&/K
&&>
	
27. 
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immune response activities, including the ones 
	&
		
+J!-
our data corroborate Ferreira, et al.11 (2008), who 
showed that DDPF were able to produce IL-1β and 
IL-8 when stimulated by E. coli LPS and also by 
some dental materials.
CONCLUSION
PgLPS induced the production of CCL3 by dental 
	


>		!

and deciduous pulp. Production of CXCL12 was 
&
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and deciduous teeth may present a differential 
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